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(54) Starch composite reinforced rubber composition and tire with at least one component 
thereof 

(57) The present invention relates to a rubber com- 
position containing a starch/plasticizer composite and to 
pneumatic tires having at least one component com- 
prised of such rubber composition. Such tire component 
can be, for example, its circumferential tread or other 
component of the tire. 

The starch/plasticizer composite can be a compos- 
ite of starch and plasticizer such as, for example, 
poly(ethylenevinyl alcohol) and/or cellulose acetate or 
any suitable plasticizer which results in such 
starch/plasticizer composite having a melting point 
below that of the starch alone, and particularly below 
about 160°C, and to thereby enable the starch to be 
more processable with conventional elastomer compo- 
sition processing equipment. 

In the practice of this invention, a rubber composi- 
tion comprises at least one elastomer, a starch/plasti- 
cizer composite, optionally at least one coupler and, 
optionally, at least one of carbon black and silica rein- 
forcement alone or in conjunction with another reinforc- 
ing or non-reinforcing filler. 
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toml ZZ ? !f t0 fUbber compositions whi = h contain a starch/plasticizer composite, particularly as elas- 
omer re-nforcemen . and to tires having at least one component thereof. Such component can for example be the 

EJZZT! "? T ° r ° th f: COmP ° nent ° f thS tire ° ne ***** the rubber composition is com^nsX'ruober 
partcuiarly sulfur curable, or sulfur cured, rubber, reinforced with a combination of sterch^astica^aJ^^uS" 

SSESSSST"* also comainin9 ~ l " n black and/or silica alone or J : ~n^ e r; 
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h» J*!^ has i someh / Ties been suggested for use in elastomer formulations for various purposes It is considered 
herem that elastomer formulations, or compositions, containing starch can be developed by utWzing a suitaote olasf 

usSln^for "S Tr 95 W '" 66 her6inafter diSCUSS6d Such ^Z^eT^J^^t 
Z rtZ conjun H ct,on wrth s ' hca ai *'° r carbon black reinforcing fillers or also with other fillers such as for exam 

*£Z£t£?^ V f U,Can ' zed , ru ^ er particles ' sh °" clay, mica, talc, titanium oxide and limestone. 

Such shod ^.bers can be for example, fibers of ce.lulose. aramid, nylon, polyester and carbon composition 

sitions ' ° 3 ' 923 ' 5 ' 258 43 °' ^ 4,9 °°' 361 disd0Se the preparatio " and use of vahous starch compo- 

rt ,^ r c C o iS ^ P J Ca, ! y rSp ; esented as a carbohydrate polymer having repeating units of amylose (anhydroglucopyran- 
* L C h I! ? T 7 T'T- b ° ndS) a bran *^ chain structure, as is well known to those Sg sW.I 

S yP,C ,n y ' St3rCh ,S COmP ° Sed ° f ab0Ut 25 percent am * ,ose and a bout 75 percent amylopect S 
S^e^fiSfgn h nth Fd ^, (1977 »' reviSed * G G Hawley. published by Van t*jSSnSSSt 

^JKiKsiis22i: reserve po,ysacchar,de in p,ants such as ** — ■ 

In one aspect, starch has previously been suggested tor use in rubber products. However starch bv itself tvoicallv 

ESE£ S „ ? K° int " abOUt 2 °°° C ° r 3b0Ve ' iS C ° nSidered herein t0 have a som ^at £S usein tl?SS 
£frr y b6 f USS fUbber Compositions are norma lly processed by preliminarily blending rubber 

pnnoA?.^ i , a high enough temperature to cause the starch (with softening temperature of at least about 
200 C) to effectively melt and efficiently blend with the rubber composition. As a result the starch oa^cles tend to 
remain ,n ,nd.v.dual I domains, or granules, within the rubber composition rather than as a Tm« iSeneouTbleS 

a fi.i- Vl ,S | C0 1 nSldered h6rein ,ha1 SUCh SOftenin 9 point ^advantage has rather severelySS ^ use of sterol as 
a filler, particularly as a reinforcing filler, for many rubber products 

oniJ^n^ff ^ ^ 3 develo P ment <* 3 starch/plasticizer composition, or compositions with a softenino 

aione may aiiow the starch to be ™ e — - ™ * 

^orcement for various rubber compositions which require high strength and abrasion resistance oarticu- 
lariy appl.cat.ons such as tires and various industrial products, sulfur cured rubber is utilized whic ^ no rS oonSn 

?oo1T^^^^ 

^ at l° n blaCl ^ 3nd sometimes silic a. usually precipitated silica, is commonly used as reinforcing filler for such our- 
E2£ n n y Pr ° Vide ° r 6nhanCe 90Od PhySiCa ' Pr ° perties for * e sulfu/cured rubber PartcuSe^ when 
^fuse of U c^n P b T;J S ° TT* * 8 ««** aaent and usually in combination with camon' b7a* 

to Thole 6 SSJrSSS' 1 S ^ 35 re ' nforCin9 fi " erS " aS, ° merS - inC ' Udin9 5U ' fur CUrab,e eIasto — ' «• ^ot 

rubber S „!!CKe ant 1 h ^^j 3 '? ^ conventionally, carbon black is a considerably more effective reinforcing filler for 
rubber products, and part.cularly for rubber tire treads than silica if the silica is used without a couolino aoent c s ii« 

ZTl? T Ca 3dh r ^ a9Snt 35 " ^ bS S ° metimeS referred to herei " Use co^hJli^.SS.SSS 
.ca for re.nforc.ng sulfur curable elastomers is well known to those skilled in such art prec.p,tated s.l 

fnrri™ «n a C0UPhn9 COnt3in *" 0 m ° ieties ' ° ne moiety to interac « chemically or physicochemically with the rein- 

forang f.ller. apparently, for example, with hydroxy! groups on its surface (eg.SiOH). and another moiefc tc interact Z, 
one or more of the elastomers, particularly diene-based. sulfur curable elastomers Such coupTng agent maylorexl 
pie. be prem,xed. or pre-reacted. with the silica particles or added to the rubber mix during .rubber/si ca i^e^nT 

ol preLS 9 .:- C0UP ' in9 a9ert and silica ara a «°ed separately, to the -U^nS^SJS^'SS- 
or p rocess ng stage, rt ,s consdered that the coupling agent then combines in sftu with the silica 9 " 
In particular, such couphng agents are sometimes composed of a silane which has a constituent component or 
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moiety, (the silane portion) capable of reacting with the silica surface (eg. SiOH) and, also, a constituent component, or 
moiety, capable of reacting with the rubber, particularly a sulfur vulcanizable rubber which contains carbon-to-carbon 
double bonds, or unsaturation such as, for example, a diene-based elastomer. In this manner, then the coupler acts as 
a connecting bridge between the silica and the rubber and thereby enhances the rubber reinforcement aspect of the 
5 silica. 

In one aspect, the silane of the coupling agent apparently forms a bond to the silica surface and the rubber reactive 
component of the coupling agent combines with the rubber itself. Usually the rubber reactive component of the coupler 
is temperature sensitive and tends to combine with the rubber during the final and higher temperature sulfur vulcaniza- 
tion stage and, thus, subsequent to the rubber/silica/coupler mixing stage and, therefore, after the silane group of the 
70 coupler has combined with the silica. 

The rubber-reactive group component of the coupler may be, for example, one or more of groups such as mer- 
capto, amino, vinyl, epoxy, and sulfur groups, and is often a sulfur or mercapto moiety and more usually sulfur. 

Numerous coupling agents are taught for use in combining silica and rubber, such as, for example, silane coupling 
agents containing a polysurfide component, or structure, such as, for example, trialkoxyorganosilane polysutf ides con- 
15 taining from 2 to 8 sulfur atoms in a polysulfide bridge such as, for example, bis-(3-triethoxysilylpropyl) tetrasulfide 
and/or trisuifide. 

The term "phr" if used herein, and according to conventional practice, refers to "parts of a respective material per 
100 parts by weight of rubber, or elastomer". 

In the description of this invention, the terms "rubber" and "elastomer" if used herein, may be used interchangeably. 
20 unless otherwise prescribed. The terms "rubber composition", "compounded rubber" and "rubber compound", if used 
herein, are used interchangeably to refer to "rubber which has been blended or mixed with various ingredients and 
materials" and such terms are well known to those having skill in the rubber mixing or rubber compounding art. s 

The term "carbon black" as used herein means "carbon blacks having properties typically used in the reinforcement ^ . - _ 

of elastomers, particularly sulfur curable elastomers". . ^ 

25 The term "silica" as used herein can relate to precipitated or fumed silica and typically relates to precipitated silica. ^ -J% 

which is well known to those having skill in such art. . " **1 

A reference to an elastomer's Tg refers to its glass transition temperature, which can conveniently be determined ^ 
by a differential scanning calorimeter at a heating rate of 10°C per minute. 

30 Summary and Practice of the Invention - ^ 

In accordance with one aspect of this invention, a rubber composition is provided which comprises (A) 100 parts 
by weight of at least one diene-based elastomer, (B) about 0.1 to about 120. alternatively about 25 to about 90, phr of I 
at least one elastomer reinforcing filler composed of (i) about 0.1 to about 120, alternatively about 5 to about 70, phr of ,; . . & 

35 at least one starch/synthetic piasticizer composite and (ii) zero to about 90, alternatively about 20 to about 85, phr of (a) 
carbon black and/or silica, or (b) carbon black and/or silica and at least one additional inorganic reinforcing or non-rein- 
forcing filler and (C) optionally a coupler for said starch composite and silica, if silica is used, where said coupler has a 
moiety reactive with the surface of said starch composite and the surface of said silica, as the case may be, and a moi- 
ety interactive with the said elastomer; wherein said starch is composed of amylose units and amylopectin units in a 

40 ratio of about 15/85 to about 35/65, alternatively about 20/80 to about 30/70, and has a softening point according to 
ASTM No. D1228 in a range of about 180°C to about 220°C; and the starch/plasticizer.has a softening point in a range 
of about 1 10°C to about 1 70°C. according to ASTM No. D1228. 

The moiety of the coupler reactive with the starch/plasticizer composite and silica surfaces is generally considered 
herein as being capable of reacting with at least one or more hydroxyl groups on their surfaces and possibly with other 

45 reactive groups thereon. 

In the practice of this invention, the starch/plasticizer composite may be desired to be used, for example, as a free 
flowing, dry powder or in a free flowing, dry pelletized form. In practice, it is desired that the synthetic piasticizer itself is 
compatible with the starch, and has a softening point lower than the softening point of the starch so that it causes the 
softening of the blend of the piasticizer and the starch to be lower than that of the starch alone. This phenomenon of 

so blends of compatible polymers of differing softening points having a softening point lower than the highest softening 
point of the individual polymer(s) in the blend is well known to those having skill in such art. 

For the purposes of this invention, the piasticizer effect for the starch/plasticizer composite, (meaning a softening 
point of the composite being lower than the softening point of the starch), can be obtained through use of a polymeric 
piasticizer such as, for example, poly(ethylenevinyl alcohol) with a softening point of less than 160°C. Other plasticizers, 

55 and their mixtures, are contemplated for use in this invention, provided that they have softening points of less than the 
softening point of the starch, and preferably less than 160°C, which might be, for example, one or more copolymers and 
hydrolyzed copolymers thereof selected from ethylene-vinyl acetate copolymers having a vinyl acetate molar content of 
from about 5 to about 90, alternatively about 20 to about 70, percent, ethylene-glycidal acryiate copolymers and ethyl- 
ene-maleic anhydride copolymers. As hereinbefore stated hydrolysed forms of copolymers are also contemplated. For 
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to ^srr^ v^ssssr wem ratio in a ran9e of about ° 5/i 

room texture since it is to^appr^ Z^J^^^F^F * * *" " 

ar^iS^ 

= * which ^ j being ^rffasS^^S 

^ Preferably, the synthetic piasticizer is se.ected from at least one of po.yfethyleneviny, alcoho!) and ce.lulose ace- 
P0.ySa X S5 llSS'r! I^L* by Vi ^' ace,a * to torn a 

™,*2a^~^ cop rr can be ~ — - — 

dures^^^^ P-P— according to mixing orce- 

in the patent publication by Sot Bellottfand De SL^l^-f p? ^ 3CC0,din9 to 3 recit3tion 

Starch An Ethylene Copolymer". U S Patent No 5 403 WW C ° mposition lncludin 9 Destructured 

ibi-ity^rntn^ T 50 ^ « have the appropriate Tg and starch compat- 

reactionlhich might soSel *£^2Z2l^ "** ^ a ' iphatic 0r aromalic **•> - a 

are well known to those sSS^cfart esterrflcat,on condensate reaction. Such estimation reactions 

reinforcing or n££^£^^ P ^ ^ 35 " d ^«des. or other 

and ^ ^ ^ eXamP ' e ' ° f ° r9an,C P0 *™' c ™ te " al * «* as cellulose aramid. ny,on 

30.aSeV^ 

combination of the starc^astLer. c^T^S^ JSd ^Jf* ** " » 3 

rep.ace™c^^ — as (i, a parti, or («, complete 

the properties desired for the cured. S^SS^oSSET^ e ' aS, ° merS ' deP6ndin9 S0mSWh3t Up °" 

con£XTan an^uTof^ WaCk * USad in ""h the starch 

structure of the cart™ Ha* (S ^ ' SaSt 35 phr ° f carbon black ' depending somewhat upon the 

ing cartx^ KEiEt? IS ° f,en ; eP : esented b ' rts DBP (^utylphthalate) va.ue. Reinforc 
range of about 80 £XK? (ASm 012^ thV^T ^ 40 * Bh0Ut 400 CC/1 00 9m ' and ™ e ^..y in a 
composition with a *^«£S^?,2£T ' S UMd "" h 8 t0 pr0vidinfl an elastomer 

amount of carbon black SJI^SlSSS^S? P I! Wrt 3PPreCiaWe static buW up. a minimum 

tiVe caton black is used SiS^SSSCT^Jf 5 T*^ *° Ul 10 Phr " 3 hi9h,y ****** 
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coupler reactive with the surface of the starch/plasticizer composite is also reactive with the hydroxyl (eg.SiOH) groups, 
and/other reactive groups, typically on the surface of the silica. 

It is important to appreciate that, preferably, the starch composite is not used as a total replacement for carbon 
black and/or silica in an elastomer composition. Thus, in one aspect, it is considered that the starch composite is to be 

5 typically used as a partial replacement for carbon black and/or silica reinforcement for sulfur vulcanizable elastomers. 

It is important to appreciate that, while the starch may be used in combination with the starch/plasticizer composite, 
they are not considered herein as equal alternatives. Thus, while starch might sometimes be considered suitable as a 
reinforcement for the elastomer composition together with the coupler, the starch/plasticizer composite itself may be 
considered more desirable for some applications, even when used without a coupler. 

io If silica is used as a reinforcement together with carbon black, the weight ratio of silica to carbon black is desirably 
in a weight ratio in a range of about 0.1/1 to about 10/1, thus at least 0.1/1, alternatively at least about 0.9/1, optionally 
at least 3/1 and sometimes at least 10/1 . 

The weight ratio of said silica coupler to the starch composite and silica, if silica is used, may, for example, be in a 
range of about 0.01/1 to about 0.2/1 or even up to about 0.4/1 . 

is The starch is recited as being composed of amylose units and/or amylopectin units. These are well known compo- 

nents of starch. Typically, the starch is composed of a combination of the amylose and amylopectin units in a ratio of 
about 25/75. A somewhat broader range of ratios of amylose to amylopectin units is recited herein in order to provide a 
starch for the starch composite which interact with the plasticizer somewhat differently. For example, it is considered 
herein that suitable ratios may be from about 20/80 up to 100/0, although a more suitable range is considered to be 

20 about 1 5/85 to about 35/63. 

The starch can typically be obtained from naturally occurring plants, as hereinbefore referenced. The starch/plas- 
ticizer composition can be present in various particulate forms such as, for example, fibrils, spheres or macromolecules, 
which may, in one aspect, depend somewhat upon the ratio of amylose to amylopectin in the starch as well as the plas- 
ticizer content in the composite. 

25 The relative importance, if any, of such forms of the starch is the difference in their reinforcing associated with the 

filler morphology The morphology of the filler primarily determines the final shape of the starch composite within the 
elastomer composition, in addition, the severity of the mixing conditions such as high shear and elevated temperature 
can allow to optimize the final filler morphology. Thus, the starch composite, after mixing, may be in a shape of one or 
more of hereinbefore described forms. 

30 It is important to appreciate that the starch, by itself, is hydrophilic in nature, meaning that it has a strong tendency 
to bind or absorb water. Thus, the moisture content for the starch and/or starch composite has been previously dis- 
cussed herein. This is considered to be an important, or desirable, feature in the practice of this invention because 
water can also act somewhat as a plasticizer with the starch and which can sometimes associate with the plasticizer 
itself for the starch composite such as polyvinyl alcohol and cellulose acetate, or other plasticizer which contain similar 

35 functionalities such as esters of polyvinyl alcohol and/or cellulose acetate or any plasticizer which can depress the melt- 
ing point of the starch. 

Various grades of the starch/plasticizer composition can be developed to be used with various elastomer composi- 
tions and processing conditions. 

As hereinbefore pointed out, the starch typically has a softening point in a range of about 180°C to about 220°C, 
40 depending somewhat upon its ratio of amylose to amylopectin units, as well as other factors and. thus, does not readily 
soften when the rubber is conventionally mixed, for example, at a temperature in a range of about 140°C to about 
165°C. Accordingly, after the rubber is mixed, the starch remains in a solid particulate form, although it may become 
somewhat elongated under the higher shear forces generated while the rubber is being mixed with its compounding 
ingredients. Thus, the starch remains largely incompatible with the rubber and is typically present in the rubber compo- 
45 sition in individual domains. 

However, it is now considered herein that providing starch in a form of a starch composite of starch and a plasticizer 
is particularly beneficial in providing such a composition with a softening point in a range of about 110°C to about 
160°C. 

The plasticizers can typically be combined with the starch such as, for example, by appropriate physical mixing 
so processes, particularly mixing processes that provide adequate shear force. 

The combination of starch and, for example, polyvinyl alcohol or cellulose acetate, is referred to herein as a "com- 
posite". Although the exact mechanism may not be completely understood, it is believed that the combination is not a 
simple mixture but is a result of chemical and/or physical interactions. It is believed that the interactions lead to a con- 
figuration where the starch molecules interact via the amylose with the vinyl alcohol, for example, of the plasticizer mol- 
55 ecule to form complexes, involving perhaps chain entanglements. The large individual amylose molecules are believed 
to be interconnected at several points per molecule with the individual amylopectine molecules as a result of hydrogen 
bonding (which might otherwise also be in the nature of hydrophilic interactions). 

This is considered herein to be beneficial because by varying the content and/or ratios of natural and synthetic 
components of the starch composite it is believed to be possible to alter the balance between hydrophobic and 
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hydrophilic interactions between the starch components and the plasticizer to allow, for example the starch comoosite 
filler to vary in form from spherical particles to fibrils composite 

In Particular, it is considered herein that adding a polyvinyl alcohol to the starch to form a composite thereof oar- 
toilarly when the polyvinyl alcohol has a softening point in a range of about 90°C to about lao^SS ESSSi 
prov.de resulting starch/plasticizer composite having a softening point in a range of about 1 10°C to about 160^ and 
foereby provide a starch composite for blending well with a rubber composrtion during its mixing stage at a IrSerafore 
for example, in a range of about 11 0°C to about 165°C or 1 70°C temperature. 

cta Jh/^ fU / ther aSP6Ct ° f thS invention - a tire is P rovid ed having at least one component comprised of the said 
oonTn£ Ln^tT^ rt6 '?: ta 7 n9 Cor ^°^ ^ Mention. Although not limited thereto.Vuch t re com 
S*^ b6 3 ,east one 0 tread - tread ^se or tread undertread. tire innerliner. sidewall apexes, wedges for theTe 

cushto o SSirSSK T breaKer W ' re mbber com P° sit '°^ ^d insulation rubber composition and 

9umstnps tor addrtion to various parts of the tire construction. As used herein, the tread and tread base mav 

art t0 Srein 35 1,16 ° r " Circum,erential » ead " ^ch tire components are we.f^hoS 

com^f^? feature ° f ,his inven,ion - 3 tire is P rovided ^ving a circumferential tread comprised of the said rubber 
composition of this invention w,th the aforesaid tire component, thus, being its tread. As is wen known to those skSf 
m such art, such tire tread is typically designed to be ground-contacting 

inventon.'^* * ™ enti ° n - a tire is provided with sidewa » apexes of the said rubber composition of this 

^ JU?2S n ° m °9 eneous the d ispersion of rubber compound components into the rubber, the better the 

resultant cured propert.es of that rubber. H is considered herein that rt is a particular feature of this invention lhat foe 
starch compos,te m.xes with the rubber composrtion during the rubber mixing under high shear condrtio7s and I a^Lm 

staTchSastoze^n^^^ 6 ? ' mP ° rtam UP ° n ^ the elas,omer composrtion containing the 

sterch/p astiozer composite to a temperature to reach the melting point temperature of the composite the starch com- 

S nl^l?L deV Tl 0f hi9h Shearin ° forC6S WhiCh iS COnsidered to be benSiT^S2«X 
person within the rubber compos.t.on. Above the melting point of the starch composite, for example around 150°C it 
will melt and maximize its reaction with the coupling agent. example, arouna 1 50 C. it 

in * 1 ^ ne i SPe f t ' SUCh 3 rUbb6r com P° sition can b * P^ded as being sulfur cured The sulfur curing is accomplished 
of 7 mannef ' name ' y ' ^ CUrin9 COnditi ° nS ° f el6Vated temp erature a " d Pressure feST^S 

riipnl"^!^ 3 ? iC f ° f tHiS inV !w i0n ' 35 hereinbefore P° in ted out, the rubber composrtion is comprised of at least one 
k ° r rUbb6r ThUS ' " iS considered '"at *• elastomer is a sulfur curable elastomer The diene 
nf ^ T k 6 S6leCted fr0m 31 ' eaSt ° ne « Copolymers of isoprene and 1 ,3-butadiene an?^™ 
o isoprene and/or 1 ,3-butad.ene with a aromatic vinyl compound selected from at least one of styrenerndSamer 

ninl ene n/ ^° rd : n9,y ■ UCh e,aSt0mer - ° r rubber - may 66 selected ' for ^P'e. ^m at m£^SiT5£ 
prene rubber (natural and/or synthetic, and preferably natural rubber). 3.4-polyisoprene rubber styrane^ene 
copolymer rubbers, isoprene/butadiene copolymer rubbers, styrenerfsoprene copolymer rubbers ^n^fso 

<* ttz ?t? ,e ; p i y : e : n rubbers ' cis v 4 r ybutadiene rubber and ^ ,o ^ 

ing a v.nyl 12- content in a range of about 15 to about 85 percent and emulsion polymerization oreoared 

The rubber composition is preferably of at least two diene based rubbers 
, nn '"J*" 6 a ^ eCt ' an emu,sion Polymerization derived styrene/butadiene (E-SBR) might be used having a relatively 
conventual styrene content of about 20 to about 30 percent bound styrene or, for some Applications aT E SBR h^vTno 

t7rl« Tl% h T b ° Und St/rene COnt6nt ' namely ' a bound cont em of a£ut 30 to about 45 percent 9 

n^Jll " h ' 9 ^ Styrene Content of 30 to about 45 for the E-SBR can be considered benetial for a pu'r- 

cSfof/n^" 9 r ° r SWd reSiStanCe ' ° f the tirG tread The presence of th e E SBR itself is cons.de red benel - 
to ? prOCeSsabi ^ of the uncur ed elastomer composition mixture, especially in a^arison 
to a utilization of a solution polymerization prepared SBR (S-SBR) v 

By emulsion polymerization prepared E-SBR, it is meant that styrene and 1 ,3-butadiene are copolymerized as an 

f^ ^t^ ^ ^ <0 th0SS Ski,,6d ^ SUCh art ThS b ° Und Styrene — 1 ca " -V. fol tamp" 

to a hnT2i 0n P 0 '^ 6 ^ 3 * 0 " P re P ared styrene/butadiene/acrylonitrile copolymer rubbers (E-SBAR) containino about 2 

In fiSSS?* PerC6nt b ° Und aCry ' 0nrtri,e " the t6rpdymer 3re a,S ° -"tomplated as diene baseS ruZ' for use 

SSJaSS? 5S^ 9 «£5 bOU, 2 6 - PerCem ' tS ' bUtadiene P0rti0n may have a ™* c ^ent in a range oSut 1^ 
to about 50 percent. The S-SBR can be conveniently prepared, for example, by organo lithium catalyzation in the pres 
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ence of an organic hydrocarbon solvent. 

A purpose of using S-SBR is to enhance tire rolling resistance since it should tend to promote lower hysteresis for 
tire tread compositions. 

The 3,4-polyisoprene rubber (3,4-PI) is considered beneficial for a purpose of enhancing the tires traction when it 
f is used in a tire tread composition. 

The 3,4-PI and use thereof is more fully described in U.S. Patent No. 5,087,668 which is incorporated herein by ref- 
erence. The Tg refers to the glass transition temperature which can conveniently be determined by a differential scan- 
ning calorimeter at a heating rate of 10°C per minute. 

The cis 1 ,4-polybutadiene rubber (BR) is considered to be beneficial for a purpose of enhancing the tire treads 
io wear, or treadwear. 

Such BR can be prepared, for example, by organic solution polymerization of 1 ,3-butadiene. 

The BR may be conveniently characterized, for example, by having at least a 90% cis 1,4-content. 

The cis 1 ,4-polyisoprene and cis 1 ,4-polyisoprene natural rubber are well known to those having skill in the rubber 

art. 

75 The commonly employed siliceous pigments used in rubber compounding applications can be used as the silica in 

this invention, including pyrogenic and precipitated siliceous pigments (silica), although precipitate silicas are preferred. 

The siliceous pigments preferably employed in this invention are precipitated silicas such as, for example, those 
obtained by the acidification of a soluble silicate, e.g., sodium silicate. 

Such silicas might be characterized, for example, by having a BET surface area, as measured using nitrogen gas, 

20 preferably in the range of about 40 to about 600, and more usually in a range of about 50 to about 300 square meters 
per gram. The BET method of measuring surface area is described in the Journal of the American Chemical Society, 
Volume 60, page 304 (1930). ? _ 

The silica may also be typically characterized by having a dibutylphthalate (DBP) absorption value in a range of 
about 50 to about 400, and more usually about 100 to about 300. 

25 The silica might be expected to have an average ultimate particle size, for example, in the range of 0.01 to 0.05 ] s }\ 

micron as determined by the electron microscope, although the silica particles may be even smaller, or possibly larger, .? 
in size. „ ^ 

Various commercially available silicas may be considered for use in this invention such as, only for example herein, 
and without limitation, silicas commercially available from PPG Industries under the Hi-Sil trademark with designations 

30 210, 243, etc; silicas available from Rhone-Poulenc, with, for example, Zeosil 1165MP and silicas available from ? "g 

Degussa AG with, for example, designations VN2 and VN3, as well as other grades of silica, particularly precipitated 
silicas, which can be used for elastomer reinforcement. t 

It is readily understood by those having skill in the art that the rubber composition would be compounded by meth- 
ods generally known in the rubber compounding art, such as mixing the various sulfur-vulcanizable constituent rubbers w< s$ 

35 with various commonly used additive materials such as, for example, curing aids, such as sulfur, activators, retarders 1" 
and accelerators, processing additives, such as oils, resins including tackifying resins, silicas, and plasticizers, fillers, 
pigments, fatty acid, zinc oxide, waxes, antioxidants and antiozonants, peptizing agents and reinforcing materials such 
as, for example, carbon black. As known to those skilled in the art, depending on the intended use of the sulfur vulcan- 
izable and sulfur vulcanized material (rubbers), the additives mentioned above are selected and commonly used in con- 

40 ventional amounts. 

Typical amounts of tackrfier resins, if used, comprise about 0.5 to about 10 phr, usually about 1 to about 5 phr. Typ- 
ical amounts of processing aids comprise about 1 to about 50 phr. Such processing aids can include, for example, aro- 
matic, napthenic, and/or paraffinic processing oils. Typical amounts of antioxidants comprise about 1 to about 5 phr. 
Representative antioxidants may be, for example, diphenyl-p-phenylenediamine and others, such as, for example, 

45 those disclosed in the Vanderbilt Rubber Handbook (1978). pages 344-346. Typical amounts of antiozonants comprise 
about 1 to 5 phr. Typical amounts of fatty acids, if used, which can include stearic acid comprise about 0.5 to about 3 
phr. Typical amounts of zinc oxide comprise about 1 to about 10 phr. Typical amounts of waxes comprise about 1 to 
about 5 phr. Often microcrystalline waxes are used. Typical amounts of peptizers comprise about 0.1 to about 1 phr. 
The vulcanization is conducted in the presence of a sulfur vulcanizing agent. Examples of suitable sulfur vulcaniz- 

so ing agents include elemental sulfur (free sulfur) or sulfur donating vulcanizing agents, for example, an amine disulfide, 
polymeric polysulfide or sulfur olefin adducts. Preferably, the sulfur vulcanizing agent is elemental sulfur. As known to 
those skilled in the art, sulfur vulcanizing agents are used in an amount ranging from about 0.5 to about 4 phr, or even, 
in some circumstances, up to about 8 phr. 

Accelerators are used to control the time and/or temperature required for vulcanization and to improve the proper- 

55 ties of the vulcanizate. In one embodiment, a single accelerator system may be used, i.e., primary accelerator. Conven- 
tionally and preferably, a primary accelerator(s) is used in total amounts ranging from about 0.5 to about 4, preferably 
about 0.8 to about 1 .5, phr. In another embodiment, combinations of a primary and a secondary accelerator might be 
used with the secondary accelerator being used in smaller amounts (of about 0.05 to about 3 phr) in order to activate 
and to improve the properties of the vulcanizate. Combinations of these accelerators might be expected to produce a 
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synergistic effect on the final properties and are somewhat belter than those produced by use of either accelerator 
alone, in add.fon, delayed action accelerators may be used which are not affected by normal P?ocSsinoTerSrat^2 
3 T Sfa T rV CUrS 3t ° rdinary vulcani2atlon temperatures. Vulcanization rZSS^iEbTSS? 
thSiT 5 aCCe T t0rS ^ 66 US6d in the present invention are amines - ^sulfides, guartd nes thiou^eS 
m S f, J"'" T SU fenamides - dithiocarbamates and xanthates. Preferably, the primary acceteratoHs a Sen! 
L -^ nd acce,erator is use * tne secondary accelerator is preferably a guanine dithiocarbama e or th uram 

tor^^ 6 Pr6S f ^ r6,atiVe am ° UntS ° f SU ' ,Ur VUICani2i "9 a 9 ent or P e ™<* sure SSS^SSS 
tor(s)^ rf used, are not cons.dered to be an aspect of this invention which is more pnmanly directed to Z .use said 
starch composite as a reinforcing filler in combination with a coupler and carbon black aSor sTlSf 

tinn Ihf^ r f enCe re ' atiVe am ° UntS ° f thS ab ° ve additives are not considered to be an aspect of the present inven- 
tory which ,s more pnmanly d.rected to the utilization of speeded blends of rubbers in rubber composrtions ?n comWna 
ton with the sa,d starch/p.asticizer composite together with carbon black and/or optionally STandS nor SS, 

mixina'arrftTexLmr^ "T^" °" ^ accom P ,ished b * m *hods known to those having ski., in the rubber 
"?l X '" 9art - ^ r K exampl !' ,he ,n 9 red 'ents are typically mixed in at least two stages, namely, at least one non-productive 

thUh . p ™ duct,ve m,x sta 9 e in whi <* the mixing typically occurs at a temperature, or ultimate terieraLre "lower 
than the m.x temperature(s) than the preceding non-productive mix stage(s). The rubber starch com^srte and ZZ 

moTenon^ ^ ? ^ C0UP ' er ' 3nd/0r — *o^ack and nTslic^ 

The rubber composition of this invention can be used for various purposes. For example it can be used for uari™ ,c 

a. e .rssEzs^xsr * re,erenee » 0,6 ,o "°" ino - — > »"» « <— «• 

EXAMPLE I 

ber rSSlrS.^ *' allJa,ed " ^ ** a * a 

„« fh?!?" 1 ^ f ^ A) iS considered a controi in wh ich the reinforcing filler is carbon black. Experiments B and C 
ZlTZ TT aS lT' COmP ° Site 35 3 Si9nifiCant r6infordn 9 ,i,,er with and wi thout coupling a£n 75££Z£ C 

The formulations used are comprised of ingredients shown in the following Table 1 

The rubber composit.ons containing the materials illustrated in Table 1 were prepared in a BR Banburv rubber 
rn.xer us.ng four separate, sequential stages of addition (mixing), namely, two non- P Sluctive nS ^sfaoes Tn whS 
ZZTf* 3dded miXinQ an addrti0na ' non -P rod "«i^ mixing stage without adding ^SnalTgSSs and Te 
utes 3 minu^ ?h I te T ratUreS ° f 175X ' 165 ° C ' 15 °° C and 125 ° C " ^pective.y'and times ^SSSTTST 
SrchZ^s te SS ' rSSPeCtiVe,y ° n,y ,he iS add6d in me second —Productive mix stage w^Te 
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Table 1 


Material 


Exp A 


I Exp B 


Exp C 


1st Non- Productive 




Styrene/butadiene rubber 1 


61.88 


61. 88 


61.88 


Styrene/butadiene rubber 2 


61.88 


61. 88 


61.88 


Natural rubber 3 


10 


10 


10 


Carbon black 4 


85 


65 


60 


Processing Oil 5 


2.5 


2.5 


0 


Zinc Oxide 


4 


4 


4 


Fatty Acid 6 


2 


2 


2 


Ant i oxi dan t 7 


1.15 


1. 15 


1.15 


2nd Non- Productive 


Starch Coinposite 8 


0 


10 


12 


Bis- (3- 

triethoxysilvlpropyl ) 
tetrasulf ide* 


0 


0 


5 


Productive 




Sulfur 


1.3 


1.3 


1.3 


Accelerator, sulf enamide 
type 


2.5 


2.5 


2.5 



1) Styrene/butadiene copolymer elastomer, 

emulsion polymerization prepared with 40 
percent styrene and containing 3 7.5 phr 
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extender oil obtained as SBR 1721 from the 
Enichem company; 

Styrene/butadiene copolymer elastomer, 
emulsion polymerization prepared, having 
about 31.5 percent styrene and containing 
37.5 phr extender oil obtained as Cariflex 
S5820 from the Shell company; 

Cis 1, 4 -polyisoprene natural rubber; 

N-234 carbon black ; 

Of the high aromatic type; 

Primarily stearic acid; 

Of the mixed aryl -p-phenylenediamines type; 

A composite of starch and poly ( ethyl enevinyl 
alcohol) in a weight ratio of about 1.5/1 and 
having a softening point according to ASTM No. 
D1228 of about 147°C; wherein the starch is 
composed of amylose units and amylopectin units 
in a weight ratio of about 1/3 and a moisture 
content of about 5 weight percent obtained as 
Mater Bi 112 8R from the Novamont - Montedison 
company; and 

A coupler as a 5 0% active composite composed 
of an organosilane tetrasulfide on or with 
carbon black in a 50/50 weight ratio 
available as material X50S from Degussa AG . 

Technically the organosilane 
polysulfide is understood to be a composite, ' 
or mixture, in which the average polysulfide 
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bridge contains about 3.5 to 4 connecting 
sulfur atoms, although the mixture may 
contain such polysulfides with about 2 to 8 
connecting sulfur atoms. 



EXAMPLE M 

75 The cure behavior and cured properties for the compositions prepared in Example I are shown in the following 

Table 2. 

It is evident that utilization of the coupling agent, for this formulation, appears to be desirable for suitable cured 
properties in a starch composite-containing rubber composition, or compound. Such properties include tensile strength 
at break, the 300% modulus value and rebound at 23°C (Room Temperature) and at 100°C 



Table 2 



AO 



Samole # 


Exp A 


Exp B 


ExpC 


Rheometern50°C} 


Max. Torque, dNm 


32.3 


24.0 


31.8 


Min. Torque, dNm 


8.9 


4.8 


6.6 


Delta Torque 


23.4 


19.2 


25.2 


T 90 , minutes 


11.3 


15.7 


13.3 


Stress-Strain 


Tensile Strength, MPa 


17.7 


18.6 


16.0 


Elongation at Break, 


%546 


641 


509 


100% Modulus, MPa 


2.0 


| 2.0 


2.0 


300% Modulus, MPa 


9.7 


7.0 


9.0 


Rebound 


100°C, % 


47.0 


54.0 


61 


23°C, % 


19 


22 


28 


Hardness 


Shore A, 100°C j 


66 


61.0 


61.0 


Storaae Modulus (E) 


10 Hz at 75°C, MPa 


4.1 


2.5 ! 


3.4 


10 Hz at 0°C, MPa 


19.7 


10.0 


11.9 


Tangent Delta 


10 Hz at 75°C, MPa 


0.107 


0.12 


0.085 


10 Hz at 0°C, MPa 


0.35 


0.40 


0.33 



The Storage modulus (75°C), 300% modulus and tangent delta at 0°C and 75°C demonstrate that the starch/plas- 
ticizer composite, with the silica coupler, can be beneficially used as a partial replacement of, the carbon black rein- 
forcement. This is because, for example, the elastomer reinforcement property of the starch/plasticizer composite 
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allows a tuning, or adjusting, the stiffness (300% modulus) of the rubber composition for keeping a high tan. delta at 
0°C. This is considered to be important for the tan. delta of 0°C because the 0°C tan. delta value is predictive of the wet 
traction tire tread properties. 

Also, the stress-strain properties, (namely, the 300% modulus and storage modulus (E) at 75°C properties) also 
s demonstrate that when no coupling agent is used with the starch/plasticizer composite, its reinforcing properties as 
identified by the 300% modulus, are not maximized. Thus, for practical purposes, the use of the starch/plasticizer com- 
posite enables a preparation of a lower hysteresis compound for predictive tire lower rolling resistance (as evidenced 
by the tan. delta at 75°C) with predictive improved or at least about equal wet tire tread properties (such as wet traction 
tire tread properties) associated with a maintained tan. delta at 0°C with a lower compound hardness (as evidenced by 
io Shore A hardness property) and storage modulus (E) at 0°C. 

EXAMPLE HI 

Tires of size 195/65R15 were prepared with treads of the Control Sample A and Experimental Sample C composi- 
75 tions of Example I with Tire 1 and Tire 2 corresponding the aforesaid Sample A and Sample C, respectively. 

The tires were tested by conventional tire testing procedures with results shown in the following Table 3. The values 
for the Control Tire 1 are normalized to values of 100 and the associated values for Experimental Tire 2 are recited with 
values comparative to the values for the Control Tire 1 , with higher values being preferred. 



Table 3 



Test Values 


Tire 1 


Tir§ 2 


Rolling resistance 


100 


109 


Treadwear at 10,000 km 


100 


100 


Wet Skid 


Wet skid, low mu 


100 


98 ' 


Wet skid, low mu ABS 


100 


110 


Wet skid, ABS, high mu 


100 


107 


Wet skid, high mu 


100 


100 


Drv Handlina 


Steering precision 


100 


118 


Steering response 


100 


103 


Response curve 


100 


100 


Response curve 


100 


100 


Wet Handlinq 


Wet oversteering 


100 


125 


Wet understeering 


100 


130 



The higher rolling resistance values (actually indicating lower resistance to rolling) are indicative of improved tire 
properties and demonstrate that the use of the starch/plasticizer composite contributes to such improvement. 
so The wet traction value(s) are indicative of improved wet skid properties and demonstrate that the use of the 
starch/plasticizer composite allows an advantageous tuning of the compound stiffness and hysteresis profile from a low 
to a high temperature condition. 

The treadwear value(s) are indicative of maintained wear properties for the tire tread and demonstrates that with a 
reduced carbon black content in the rubber composition for the tire tr~ad, the starch/plasticizer composite filler contrib- 
55 utes as an additive to maintain the tire tread's treadwear performance. 

The improvement in dry and wet handling test value(s) are associated with the reinforcing properties of the 
starch/plasticizer composite. The reinforcing property of the starch/plasticizer composite is considered herein to enable 
the preparation of an elastomer composition with a relatively high 300% modulus while maintaining a relatively low rub- 
ber composition hardness with sufficient dynamic property at zero degrees (which is considered herein to be a signifi- 
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cant requisite for a tire tread with good dry, wet handling and wet skid properties. 

For the above reported values, the roiling resistance can be determined, for example, by using standard test con- 
ditions. A higher reported value for the rolling resistance means a lower, or improved, rolling resistance which may 
translate into better fuel economy for the vehicle. 
5 The wet traction rating can be determined by comparing tire wet skid properties when mounted on a wheel of a pas- 

senger automobile. In practice, tires are mounted on 4 wheels of the car. The car is run on various surfaces on a road 
(or track) or circuit at defined speeds. For wet skid resistance measurements, water is poured, or sprayed, onto the sur- 
face before the test is conducted. The brakes of the car are applied and the distance for the car to stop is measured and 
compared to a control tire. This overall procedure is believed to be somewhat of an industry standard method of meas- 
io uring skid resistance, whether on a wet surface or dry surface. A lower reported value means less traction, or skid 
resistance. Generally, a higher value is preferred. 

Various surfaces can be used for the traction tests from low to high mu rugosity. 
The term "mu rugosity" means "the variations in level and type of road asperity". 

In particular, the "wet skid asphalt, low mu ABS" test was conducted by driving the automobile on a low mu surface. 
is The term "low mu" means "low surface rugosity". The term "ABS" refers to "an anti-blocking wheel system on the auto- 
mobile". 

The "wet skid high mu" test was conducted on a test circuit. The term "high mu" means "on a high rugosity surface". 

Tread wear can be measured by mounting tires on metal rims and mounting the resultant wheel assembly on a vehi- 
cle and the vehicle run for at least about 10,000 km. The differences in tread groove depth (from the top to the bottom 
20 of a tread groove) for the original tire is compared to the control tire. A higher value means longer tread life. 

The dry handling tests were conducted by mounting the tires on the wheel (wheels, or which wheel) of an automo- 
bile. The automobile is driven by a driver over usual road, or track, and the dry handling results are reported by the 
driver as a subjective evaluation. A higher value means improved handling characteristics as compared to the control 
tire. 

25 In particular, the term "steering precision" means "a tire's response precision, when mounted on a wheel(s) of an 

automobile and driven by a driver over a road, or track, around a zero degree angle input provided by the car driver". A 
higher value means an improved steering precision. The term "steering response" means the tire response time around 
the zero angle". The term "zero angle" means "the tire direction from a straight line". Thus, the tire is traveling in a 
straight line. This is a subjective evaluation by the driver. A higher value means an improvement in tire response time 
30 at the zero degree angle, namely, less time for a given response to the driver's input. 

The term "response curve" means the tire response for the tire in terms of response time to a driver's input when 
mounted on an automobile and the automobile driven around a defined road curve at a controlled vehicular speed. A 
higher value means an improved response time when adjusting the tire direction on a curve by the driver. 

The wet handling tests were conducted by mourning the tire on a wheel of an automobile, or car, (e.g. a Mercedes 
35 300 E type) and the car driven on a road, or watered sprayed track, by a driver. This is a subjective evaluation by the 
driver. A higher value means improved handling properties or tire response and precision. 

While certain representative embodiments and details have been shown for the purpose of illustrating the inven- 
tion, it will be apparent to those skilled in this art that various changes and modifications may be made therein without 
departing from the spirit or scope of the invention. 

40 

Claims 

1. A rubber composition is provided which is characterized by comprising (A) 100 parts by weight of at least one 
diene-based elastomer, (B) 0.1 to 120 phr of at least one elastomer reinforcing filler comprised of at least one 

45 starch/synthetic plasticizer composite and (C) optionally a coupler for said starch composite, where said coupler 

has a moiety reactive with hydroxyl groups contained on the surface of said starch composite and another moiety 
interactive with the said elastomer; wherein said starch is composed of amylose units and amylopectin units in a 
ratio of 15/85 to 35/65, and has a softening point according to ASTM No. D1228 in a range of 180°C to 220°C pro- 
vided, however, that said starch/plasticizer composite has a softening point in a range of 110 to 160°C. according 

so to ASTM No. D1228. 

2. The rubber composition of claim 1 characterized by containing 25 to 90 phr of said reinforcing filler (B) composed 
of (i) 5 to 70 phr of said starch/plasticizer composite and 20 to 85 phr of reinforcing carbon black. 

55 3. The rubber composition of claim 1 characterized by containing 25 to 90 phr of said reinforcing filler (B) composed 
of (i) 5 to 70 phr of said starch/plasticizer composite and (ii) 20 to 85 phr of precipitated silica and carbon black, 
wherein the weight ratio of silica to carbon black is in a range of 0.1 to 10/1 . and said coupler (C) is a coupler for 
(1) both of said starch/plasticizer composite and of said silica to (2) said elastomer(s) by having a moiety reactive 
with one or more hydroxyl groups on said composite and silica and another moiety reactive with said elastomer(s). 
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4. The rubber composition of claim 1 characterized by containing 25 to 90 phr of said reinforcing filler (B) composed 
of (i) 5 to 70 phr of said starch/plasticizer composite, (ii) zero to 85 phr of carbon black and/or precipitated silica, 
wherein the weight ratio of silica to carbon black, if silica is used, is in a range of 0.1 to 10/1 , (iii) together with up 
to 85 phr of at jeast one additional reinforcing and/or non-reinforcing filler; wherein said coupler (C) is a coupler for 

5 (1) both of said starch/plasticizer composite and of said silica, if silica is used, to (2) said elastomer(s) by having a 

moiety reactive with one or more hydroxyl groups on said starch/plasticizer composite and said silica and another 
moiety reactive with said elastomer(s). 

5. The rubber composition of claim 4 characterized in that said additional filler is selected from at least one of vulcan- 
io ized rubber particles, short fibers, kaolin clay, mica, talc, titanium oxide and limestone. 

6. The rubber composition of claim 5 characterized in that said short fibers are selected from fibers of at least one of 
nylon, aramid, polyester and cellulose material. 

is 7. The rubber composition of any of the preceding claims characterized in that said plasticizer is a liquid at 23°C and 
is selected from at least one of poly(ethylenevinyl alcohol), cellulose acetate and plasticizers based, at least in part, 
upon diesters of dibasic organic acids and forms said starch/plasticizer composite having a softening point in a 
range of 1 10 to 160°C when combined with said starch in a weight ratio in a range of 1/1 to 2/1 . 

20 8. The rubber composition of any of the preceding claims characterized in that said plasticizer has a softening point 
of less than the said starch and less than 160°C and is selected from at least one of poly (ethylenes nyl alcohol), 
cellulose acetate and copolymers, and hydrolyzed copolymers, of ethyl ene-vinyl acetate copolymers having a vinyl 
acetate molar content of from 5 to 90, alternatively 20 to 70, percent, ethylene-glycidal acrylate copolymers and 
ethylene-maleic anhydride copolymers. 

25 

9. The rubber composition of any of the preceding claims characterized in that said diene based elastomer is selected 
from at least one of homopoiymers of isoprene and 1,3-butadiene and copolymers of isoprene and/or 1,3-butadi- 
ene with a aromatic vinyl compound selected from at least one of styrene and alphamethylstyrene. 

30 1 0. The rubber composition of any of the preceding claims characterized in that the diene based elastomer is selected 
from at least one of cis 1,4-polyisoprene rubber, 3,4-polyisoprene rubber, styrene/butadiene copolymer rubbers, 
isoprene/butadiene rubber, styrene/isoprene/butadiene terpolymer rubbers, cis 1 ,4-polybutadiene rubber, medium 
vinyl polybutadiene rubber, high vinyl polybutadiene rubber having a vinyl content in a range of 15 to 85 percent 
and emulsion polymerization prepared styrene/butadiene/acrylonitrile terpolymer rubber and butadiene/acryloni- 

35 trile copolymer rubber. 

1 1 . A tire having at least one rubber component characterized in that said component is comprised of the rubber com- 
position of any of the preceding claims. 

40 12. The tire of claim 1 1 characterized in that said component is a circumferential tread designed to be ground-contact- 
ing. 

13. The tire of claim 1 1 characterized in that said component is a sidewall apex. 

45 
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